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AN EVALUATION OF HANDS-ON INSTRUCTION AS A METHOD 
TO IMPROVE OBSERVATION SKILLS IN SECOND-GRADE STUDENTS 
ABSTRACT 
A hands-on assessment tool for testing second-grade 
students' ability to discriminate physical attributes (size, 
shape, color, texture, pattern, edge, part-to-whole, and 
type) of mollusk shells was developed, pretested, and 
administered to 48 second-grade students at Maybeury 
Elementary School, Henrico County, Virginia. Treatment 
group students (n = 24) attended five afterschool, activity-
based classes in which close observation of object 
a~tributes was taught. The classes included the same 
discriminations as did the assessment test but used 
different materials. Control and test group students were 
retested. Neither paired t test nor question-by-question 
analysis showed a significant improvement in the test 
group's score. Presence of uncontrolled variables, problems 
related to learning and generalizing process skills, and 
children's developmental level may have contributed to the 
fact that enrichment classes did not enhance test scores. 
These results suggest that a much greater commitment of time 
and resources is necessary to achieve measurable gains in 
students' understanding of science. 
Key words: science process skills, observation, assessment 
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Science curriculum that stresses teaching process 
skills (which include observation) rather than content has 
become a fundamental principle in education beginning with 
the educational reform projects of the 1960s (DeBoer, 1991; 
Shames, 1989; Wolfinger, 1984). Hands-on participation in 
science activities has been widely heralded as the way to 
teach the science processes. The issue remains as to how 
process skills can most effectively be taught and accurately 
measured. Review of the literature demonstrated that there 
are few, if any, controlled studies that validate efforts to 
help young children acquire and refine their ability to 
observe natural objects through hands-on instruction. 
The objective of this study was to determine if 
teaching observation skill would affect student performance 
on an observation-based skill test. The hypothesis was that 
students would improve their ability to make fine 
discriminations about physical attributes of objects (shape, 
color, size, edge, texture, pattern, part-to-whole, and 
type} after participation in an afterschool program of 
hands-on activities. 
It was first necessary to develop a practical 
assessment tool for measuring observation proficiency. 
There are few tests of observation appropriate for second 
graders. Those available were unsuitable because they (1) 
did not use a manipulative format (Tannenbaum, 1971; Twiest, 
1988; Doran and Meng, 1990; Schneider et al, 1990), (2) had 
been incompletely evaluated (Blumberg et al., 1986; Doran, 
1978), (3) tested ability to make inferences or solve 
problems rather than distinguish physical features (Twiest, 
1988; Molitor and George, 1976; Dietz and George, 1970), or 
(4) were not appropriate for younger children (Hungerford 
and Miles, 1969; Doran, 1990). 
Students in this study participated in activities to 
help them become better able to recognize properties of 
objects. They were expected to transfer an enhanced 
f~cility for closer, more careful observation from one set 
of materials to another. Consequently, the number of 
correct responses on the observation assessment would 
increase. Results of this study, however, suggest that 
students who were taught observation process skills through 
hands-on activities did not significantly improve their 
scores on the test. These findings highlight the need for 
clarifying the conditions under which students best learn 
science and for reexamining the currently accepted teaching 
goals and methods. 
SUBJECTS 
The study was conducted at Maybeury Elementary School 
in western Henrico County, Virginia from 11 February to 25 
April, 1991 with full approval and support of teachers, 
principal, parents, and county officials. Maybeury is a 
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campus-style public school and enrolls about 520 students in 
kindergarten through fifth grade. 
Parents of all second-grade students at the school were 
sent letters (Appendix I) inviting them to enroll their 
children in a study about science education. The letter 
stated that participants would attend afterschool science 
enrichment classes, be tested during school hours, and be 
expected to complete the entire study. Intent of the study 
(i.e., that it was about observation) would not be disclosed 
until the study was completed. Test results would be 
anonymous; only the principal would be able to match code 
numbers with students' names. 
Of 92 second-grade students in four classes, 49 
volunteered, and 48 completed the study (one moved from the 
school district). Completed applications were assigned 
numbers. The child's number, sex, days he/she could attend 
classes, and carpool arrangements were entered on notecards. 
Notecards were randomly arranged into control (no 
afterschool classes) and test (treatment) groups. Students 
in the test group were placed in four classes of six 
students each. 
There were 13 boys and 11 girls in the control group 
(average age 94.8 months, range 86-103), and 11 boys and 13 
girls (average age 98.3 months, range 88-104) in the test 
group. Ages were recorded as age on the first day of the 
4 
second test (April 15, 1991). 
MATERIALS AND METHODS 
observation test. seashells were purchased in bulk 
(approximately 40 pounds). Shells represented about 36 
species {S. Kool, pers. com., 1992). They were mounted with 
clear hot glue on clear Lexan plastic plates, 18.73 x 12.06 
cm, 0.16 cm thick. There were 25 test questions and two 
sample questions, a total of 27 plates. Written questions 
were affixed to each plastic plate and covered with clear 
adhesive. Mounted shells were housed in commercial file 
boxes that had been modified to hold two tiers of plastic 
plates. There were four question sets; the set a student 
used was recorded on his or her answer sheet. 
Test questions were modeled on the Visual Association 
subtest of the Illinois Test of Psycholinguistic Abilities 
(ITPA) (Kirk et al., 1968). The ITPA subtest directed the 
responde~t to choose the drawing that best belonged with the 
reference picture. To arrive at the correct choice, it was 
necessary to successfully resolve such distractions as 
difference in perspective, variations in kind or size, or 
misleading associations. 
The content of the observation assessment consisted of 
color, type, shape, size, texture, pattern, and edge match 
and part-to-whole (identification from a broken piece) and 
closure (identification from incomplete sample) questions. 
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Distractors were used so that students had to scrutinize all 
choices (e•g. for question 5, the correct match is a 
different color from the reference shell and the same color 
as an incorrect choice). Rotation or inversion, similarity 
of type, or lack of correlation in size, color, or pattern 
were used to make the correct answer less obvious. 
The final set of questions was developed by pilot 
testing seven first graders, six second graders, and seven 
third graders at The Collegiate Schools, Richmond, Virginia. 
The results of individually testing and interviewing the 
students were used to modify the questions. Dr. Traynelis-
Yurek, Dr. Mitchell, and Dr. Woolcott carefully reviewed the 
question plates to validate their content and age 
suitability. Wording was simplified, and questions were 
presented in a directive and repetitive way (Fig. 1). 
Distractors were added and alternative questions selected to 
achieve a sufficiently difficult test. The final set of 25 
questions was estimated to yield 25 to 33% incorrect 
responses from second-grade students. 
Test Procedure. The assessment test was given to 
second-grade students at Maybeury School by a senior 
education major at the University of Richmond. She brought 
students, four at a time, to an empty classroom for testing. 
She gave directions and reassured students that their tests 
were anonymous and ungraded. Question plates were handed 
out one at a time and questions asked orally. There was no 
reading involved even though questions were affixed to the 
plastic plates. successive questions were not given until 
all students were ready. There was no time limit. The 
pretest took 25 to 45 min and the posttest 15 to 35 min. 
Understanding of wording (e.g. "pattern") was verified by 
the tester and questions answered as they occurred. 
Measures were taken to minimize variation in test 
conditions. The woman who administered the test was 
familiar with the purpose of the project and had complete 
~nstructions (Appendix II). She also had rehearsed with 
four groups of students who were not part of the study. 
Control and test group students were given the 
observation assessment ("pretest") between February 11 and 
25, 1991. After the test group attended five afterschool 
enrichment classes, students were retested ("posttest") 
between April 15 and 25, 1991. 
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Afterschool classes. The objective of the classes 
was to help students appreciate fine features of natural 
objects by closely examining them. The materials (e.g. tree 
bark, leaves, soil, pine cones) used in the class activities 
excluded seashells, but both the classes and the test 
covered the same tasks. For texture match, for example, in 
class students matched wallpaper samples by touch, and in 
questions 5, 11, 13, and 14 of the assessment they matched 
shells to the reference shell by texture. 
Whenever possible, materials were gathered from 
around the schoolyard. The goal of many activities was to 
focus student attention on their schoolyard environment. 
Sorting and classification of objects was stressed. Tasks 
were made appropriate for the developmental abilities of 
second-grade students (Wolfinger, 1984). A wide variety of 
books was surveyed to formulate content of the activities 
(Appendix III). A description of activities is included in 
Appendix IV. 
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Children in the test group attended classes immediately 
after school one day a week for five successive school weeks 
(weeks of March 4, March 11, March 18, March 25, and April 
8, 1991). There were six children per class. Children in 
the control group attended similar afterschool classes after 
the study was completed. A class length of 1.25 h was 
considered appropriate for engaging students without 
exceeding their attention span (T~ Wilcox, pers. com.). 
Data Collection. Four (color-coded) copies of the 
shell observation assessment test were made so that four 
students could be tested at a time. Shells used for 
questions on each of four tests were closely matched to 
ensure test item similarity. 
It was necessary to determine if differences among 
question replicates were reflected in students' answers. 
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Control and treatment group pretest results were combined 
and analyzed to evaluate consistency of the four copies. If 
the number of incorrect responses for one of the replicates 
was statistically different from that for any others, the 
question was considered to be inconsistent and therefore 
invalid. Eight questions (4, 7, 8, 16, 19, 20, 22, and 24) 
were eliminated from further analysis. 
The probability that there was a significant difference 
between mean scores of test and control groups or between 
sexes was estimated with an unpaired two-tailed t test. A 
paired one-tailed t test was used to determine if treated 
students were more likely to improve their score after the 
enrichment classes. 
Questions were analyzed by discordant pair analysis 
(Woolson, 1987) to determine if students in the treated or 
control group were more likely·to correct an incorrect 
pretest answer on the posttest. Data compiled on each 
question consisted of the set of pre/posttest responses for 
which a student had answered correctly on the pretest and 
incorrectly on the posttest or visa versa. Pairs for which 
students did not change their answers were not included. 
Significant differences between groups (control/test), sexes 
(M/F), and age levels were sought. Parameter estimates were 
found using maximum likelihood methods. Significance was 
determined at the 0.05 level (i.e., alpha= 0.05). 
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RESULTS 
Control and test group scores (mean± S.E.) were 
compared before and after enrichment classes (Table 1). The 
pretest scores of the control and test groups were not 
significantly different, either when boys' and girls' scores 
were combined (p = 0.30), or when girls' (p = 0.97) and 
boys' (p = 0.11) mean scores were considered separately. 
There was also no statistically significant difference 
between scores on the pretest and those on the posttest in 
either the control or test group. This was true when boys' 
and girls' scores were combined (control p = 0.51; test p = 
0.37), or when girls' (control p = 0.92; test p = 0.12) and 
boys' (control p = 0.42; test p = 0.84) scores were 
separated. There was a slight but insignificant improvement 
in girls' scores in the test group and in boys' scores in 
the control group. 
Logistic regressions condit.ional on discordant pairs 
were used to compare control and test group responses on 
each question (Table 2). This showed that only for question 
14 (differentiation of edges) was the test group 
significantly more likely than the control group (p = 0.02) 
to correct wrong answers on the posttest and indicates an 
effect of the afterschool enrichment classes. For question 
21 (type match), however, there was a significant tendency 
for the control group to correct an incorrect pretest 
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answer, indicating that, for this question, untreated 
students had improved their ability to differentiate type (p 
= 0.0001). The number of discordant pre/posttest responses 
was insufficient for statistical comparison in questions 9, 
12, and 13. 
To increase the sample size that the model is based on, 
discordant pair responses were pooled from the same question 
categories: edge (questions 13, 14), size (12, 25), type (1, 
10, 15, 21), shape (2, 17, 23), and pattern (9, 18). In no 
question category were test group students significantly 
more likely than those in the control group to change a 
wrong answer on the pretest to a correct one on the 
posttest. 
Pretest answers of all (48) control and test students 
were examined to see if age and/or sex were correlated with 
an increased likelihood of choosing correct answers. Only 
for question 5 (color match) was.there a significant sex 
difference (p = 0.02); girls were more likely than boys to 
answer correctly.· For two questions (1, 6) older age was 
correlated with selecting the correct answer (Table 3). 
Test scores were reviewed to see if students were 
answering the same questions incorrectly on the posttest as 
on the pretest. The number of questions that were 
consistently incorrect on both pre- and postests was divided 
by total number wrong on either test (control mean = 0.23, 
range 1/14 to 6/18; test mean= 0.22, range 1/15 to 5/14). 
Less than a fourth of wrong answers were wrong on both 
tests. 
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Even though students were inconsistent as to which 
questions they answered incorrectly, they received 
approximately the same score on the pretest as on the 
posttest. Mean absolute difference between pre- and 
posttest scores in test group students was 2.0 (range o-5) 
and in control group students, 1.9 (range 0-8). Considering 
that the number wrong on either test ranged from 1 to 11 and 
that students were unlikely to make the same error both 
times, students' scores were consistent over the two tests. 
DISCUSSION 
My hypothesis states that students who learned 
observation skills by hands-on activities would become 
better able to discriminate physical attributes of objects 
and would therefore improve their. observation test scores. 
That the treatment program did not bring about this result 
suggests that there are unanticipated factors (specific to 
this study and to science education in general) that affect 
how students learn. Possible factors include (1) aspects of 
research design, (2) issues related to teaching observation 
as a science process skill, and (3) conditions related to 
cognitive development. 
Type of test, treatment time, and number of subjects 
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are specific aspects of the research design that may have 
contributed to the outcome. The test used in this study 
consisted of four replicate hands-on assessments made up of 
seashells. It was necessary to eliminate 8 of 25 questions 
from analysis because there was significant variation among 
replicate questions. Pencil-and-paper testing would have 
eliminated the variability built into using copies of an 
evaluative tool comprised of natural objects. However, this 
would not have been consistent with the current trend to 
assess science achievement by student performance (Rakow et 
al., 1992; Doran, 1990; Doran and Hejaily, 1992; Blumberg et 
al., 1986; and P. Price, pers. com., 1992) or 
recommendations to use materials that are part of students' 
experience (American Association for the Advancement of 
Science, 1989). 
The way afterschool classes was conducted may have 
contributed to their apparent ineffectiveness at changing 
student performance. Scheduling classes after school, when 
many children are· less attentive, was not ideal for a 
positive outcome. Length of treatment may have been 
insufficient for changing observational proficiency, 
especially since multiple object attributes were taught. 
Padilla et al. (1984) concluded that some process skills are 
best taught, not as brief topics, but as part of a 
curriculum that integrates "science content and process 
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instruction over a longer period of time." 
The impact that particular curricula has on learning 
different aspects of observational ability is unknown 
(Norris, 1984). Despite almost universal acceptance of the 
philosophical importance of teaching science process skills 
and the abundance of recommended observation activities 
described in the literature (Padilla, 1991; Funk et al., 
1985; Carin and Sun, 1985; Gega, 1986), there are few 
studies that evaluate how basic science skills are taught to 
young children. Existing reports about the effectiveness of 
particular programs (Zeitler, 1972; Tamera, 1974) are 
inconclusive because there was no control group. It was not 
possible in this study to follow a proven, specific program 
for promoting observation ability. It is possible that a 
longer, more intensive program of instruction would have 
more effectively enhanced observation skill. 
Data were insufficient for statistical analysis in 
parts of this study, especially in the question-by-question 
analysis of discordant pre-/posttest responses. It was not 
possible in this investigation to detect a small, 
significant change in the treatment group's response, given 
the small number of subjects and the low number of 
discordant pairs generated. 
The second factor relevant to this study is the issue 
of whether or not teaching the science process skill of 
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observation produces a generalized mental ability that is 
independent of content knowledge and transf errable to other 
contexts. Programs to reform science teaching in elementary 
school have strongly urged teaching science process skills. 
Historically, among the process skills, observation was seen 
as particularly fundamental and important since it served as 
"the source of raw data about the world upon which our 
science knowledge builds" (DeBoer, 1991). Observation was 
considered the objective registering of sensation and, as 
such, the empirical, inductive basis of scientific 
knowledge, replete with its own inference-free language. 
Subsequent to the curriculum reform projects of the 
1960s, it has been hotly debated whether observation is 
content-free or theory-laden (Fodor, 1983; Norris, 1985). 
Norris (1985) argues that a general definition of scientific 
observation should go beyond the view that observation is 
based on human sense perception, a simple mental process, or 
inference-free. He holds that making observations depends 
on the particular problem and context of the individual's 
relevant conceptual knowledge. 
Molitor and George (1976) evaluated 4th, 5th, and 6th 
grade students' inference and verification skills by 
presenting students with familiar pictures and posing 
questions about what was depicted. They found that students 
tended to rely on "common experience and not on the 
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observational evidence provided in the test item," which 
meant the test was evaluating student background knowledge 
more than skill level. Finley (1982) found that "students' 
knowledge of relevant concepts substantially influences 
their ability to perform the science process of mineral 
classification." He found that knowledge of concepts of 
mineral hardness and cleavage in particular best predicted 
successful performance on a test of mineral classification. 
Finley (1982) concluded that if science process skills are 
not independent of content, "the broad transfer of a science 
process may occur only in circumstances where the necessary 
conceptual knowledge related to the phenomena under 
investigation is known by the students." 
The goal of the af terschool classes was to impart 
particular skills and not to teach to the test items. 
Materials used in the afterschool classes (e.g. leaves, 
wallpaper, pine cones, soil, earthworms) did not include 
those in the observation test (seashells). It is possible 
that one reason students did not improve their test scores 
after instruction is that learning to discriminate texture 
(or any other attribute) in one set of natural objects 
(e. g. tree bark) was not transferred as an enhanced ability 
to discriminate texture in another set (i. e., to 
distinguish scallops from cockle shells in the test). A 
study with three groups of students (one that was tested 
without instruction, another that received instruction and 
testing with different materials, and another that was 
tested and instructed with same materials) would help 
clarify the extent transferring skill, as opposed to 
obtaining skill, affects learning observation ability. 
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An implication of this study is that current strategies 
for teaching science to elementary school children need 
further evaluation. The idea that structured hands-on 
science process activities will enable students to attain 
increasingly abstract and difficult levels of conceptual 
understanding needs to be examined. Many more studies that 
use different content and quantity of instruction are 
needed. It should be determined if science is best taught 
as a set of operational abilities or as a body of knowledge. 
The results of this study also indicate a need for 
further research in how children learn science. Current 
research in psychology of learning has focused on a 
constructivist model. "Children learn through activity that 
allows them to discover, internalize, and build their own 
understandings and meanings" (Padilla, 1991) by organizing 
their ideas into a mental model or conceptual scheme (Feher 
and Meyer, 1992). To understand a new piece of information, 
the child relates it to current knowledge and existing 
schemata (Carey, 1986). Learning new concepts, however, 
requires more than integrating information into the existing 
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concept structure; it requires formation of new conceptual 
schemes. Creation of new knowledge schemata may entail 
confrontation between existing ways of thinking (including 
misconceptions} and new findings. Realization that current 
explanations are inadequate, or that events conflict with 
existing ideas, creates a disequilibrium, which can be 
resolved by accommodation of a new conceptual framework. 
If a constructivist learning model is applied to this 
study, children who had not already achieved a firm grasp of 
object attributes would not improve their test scores 
without first assimilating these concepts by constructing 
new schemata. It was thought that hands-on activities about 
texture (e.g. blindfold texture match} would reinforce 
children's understanding and perception. However, students 
who had performed these tasks were not more likely to 
correctly answer texture questions, such as question 5. It 
is likely that the classes were insufficient to restructure 
the concept of texture, and the children's ability to 
discriminate texture differences was unchanged. 
It is also unknown if changes in observational ability 
in young children is the result of instruction or of merely 
growing up. Children do not see things the same way adults 
do. Adults are able to selectively attend to any particular 
feature, scan a large range of visual stimuli, pick out 
subtle nuances and ignore irrelevant, even eye-catching, 
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stimuli. Children are less efficient. Their attention is 
easily arrested and held by a few more salient features 
(Westman, 1990). Children's attention may move 
unsystematically, failing to find relationships between 
objects or to categorically compare details (Vurpillot, 
1968). Those features that are most likely to arrest the 
gaze of children are form and color. Form and color are also 
the criteria most likely to be used by children when 
classifying objects (Levin and Libman, 1980) . "Size, 
location, orientation, sequence, and texture are relatively 
nonsalient and likely to be overlooked by immature 
observers .•• " (Kinsbourne and Caplan, 1979). 
Since so much of how children visually differentiate 
objects can be affected by their development, it is possible 
that the observation assessment in this study measured the 
children's innate, developmental ability rather than what 
they learned. This is supported.by the fact that children 
answered relatively few of the same questions incorrectly on 
both the pre- and· posttest (0.21, test group; 0.23, 
control), which suggests ability to discriminate object 
attributes is a general developmental ability to focus on 
detail and not a readily learned skill. Furthermore, there 
was a statistically significant relationship between older 
chronologic age and correctly answering questions 1 and 6 
(correlation between age and correct answer was marginally 
significant for questions 3 and 17, see Table 3). A child 
was likely to get a comparable score on pre- and posttests 
even though he or she was unlikely to answer the same 
questions incorrectly. The similarity of scores suggests 
that the test measured an innate, relatively fixed ability 
rather than one that could be easily refined. 
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The observation test and the hands-on activities 
involved simple tasks. For children to successfully 
abstract meaning from the perceptual tasks assumes the 
ability to correctly carry out many behaviors. Work with 
special needs children has helped identify some of the 
behaviors necessary for such learning activities 
(Feuerstein, 1980). They include focusing perception, 
recognizing constancies, making spontaneous comparisons, 
selecting relevant stimuli, subordinating concepts, among 
others (Feuerstein, 1980). Lack of maturity in any of these 
behaviors would make it difficult for a child to be able to 
improve observation skill or answer the test questions 
correctly. For example, if a child does not recognize and 
retain constancies "across variations in some of their 
attributes and dimensions" due to "lack of readiness on the 
part of the retarded performer to accept a common factor as 
constant and to abstract this common factor from other 
dimensions on which the objects may differ," he or she would 
have difficulty making sense of differences and similarities 
between objects. Children's developmental level would 
directly affect their ability to perform the tasks on the 
assessment test or gain meaning from the afterschool 
activities. 
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The important question remains, How should basic 
science skills, such as observation, be taught to young 
children? The results of this study suggest that children 
who are briefly exposed to hands-on activities do not 
acquire enough understanding about observing physical 
attributes to apply what they have learned in other 
contexts. It is possible that future studies with a much 
greater number of subjects will be better able to evaluate 
the effectiveness of specific hands-on instructional 
programs. Further research should help identify which 
conditions of instruction (e. g. content, time, setting) are 
the most effective for teaching science to children of 
different ages, provided that developmental level of the 
children is considered and their ability to transfer 
concepts is not assumed. such studies will also help assess 
the real educational value of hands-on activities. In this 
study, the fact that a short program to teach science 
process skills was insufficient suggests that a much greater 
commitment in time and resources is needed to achieve 
measurable gains in student understanding of science. 
21 
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Table 1. Assessment of observation of physical attributes 
of seashells. Comparison of proportion of correct answers 
before and after hands-on instruction by sex and treatment 
group. 
Pretest 
Proportion correct (mean + S. E.) 
Male Female Total 
Control 
.611 ± .040 .663 ± .050 .635 ± .031 
(13)* (11) (24) 
Test 
.685 ± .036 .665 ± .024 .674 ± .02 
( 11) (13) (24) 
Post test 
Male Female Total 
Control 
.652 ± .030 .668 ± .024 .659 ± .019 
(13) (11) (24) 
Test 
.674 ± .042 .729 ± .032 .704 ± .026 
( 11)' (13) (24) 
26 
The proportion is mean number of correct respon~es out of 
17. Questions 4, 7, 8, 16, 19, 20, 22, 24 not included; see 
text. 
*Number of students. 
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Table 2. Discordant pair analysis of control and test group 
tendency to correct answer on posttest. 
Question 1 
Control Test 
Wrong Right Wrong Right 
Wrong 5 (w/w)* 5 (w/r) Wrong 3 6 
Right 1 (r/w) 13 (r/r) Right 1 14 
p = 0.91 
Question 2 
Control Test 
Wrong Right Wrong Right 
Wrong 0 3 Wrong 0 3 
Right 3 18 Right 5 16 
p=0.98 
Question 3 
Control Test 
Wrong Right Wrong Right 
Wrong 1 2 Wrong 0 3 
Right 7 14 Right 2 19 
p = 0.17 
Question 5 
Control Test 
Wrong Right Wrong Right 
Wrong 7 6 Wrong 9 8 
Right 5 6 Right 5 2 
p=0.86 
Question 6 
Control Test 
Wrong Right Wrong Right 
Wrong 6 7 Wrong 1 6 
Right 4 7 Right 4 13 
p=0.40 
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Table 2. continued 
Question 9 
control Test 
Wrong Right Wrong Right 
Wrong 2 2 Wrong 0 2 
Right 0 20 Right 6 16 
insufficient data 
Question 10 
control Test 
Wrong Right Wrong Right 
Wrong 7 3 Wrong 7 5 
Right 6 8 Right 4 8 
p=0.64 
Question 11 
control Test 
Wrong Right Wrong Right 
Wrong 3 8 Wrong 5 9 
Right 3 10 Right 2 8 
p=0.36 
Question 12 
Control Test 
Wrong Right Wrong Right 
Wrong 0 0 Wrong 0 1 
Right 6 18 Right 1 22 
insufficient data 
Question 13 
Control Test 
Wrong Right Wrong Right 
Wrong 0 1 Wrong 0 0 
Right 1 22 Right 0 24 
insufficient data 
Question 14 
Control Test 
Wrong Right Wrong Right 
Wrong 7 3 Wrong 4 8 
Right 8 6 Right 2 10 
p=0.023, test group more likely to go from wrong to right 
answer, pre- to posttest 
Table 2. Continued 
Question 15 
Control 
Wrong Right 
Wrong· 0 5 
Right 6 13 
p=0.83 
Question 17 
Control 
Wrong Right 
Wrong 3 6 
Right 7 8 
p=0.42 
Question 18 
Control 
Wrong Right 
Wrong 1 5 
Right 3 15 
p=0.57 
Question 21 
Control 
Wrong Right 
Wrong 0 6 
Right 2 16 
p=0.0001, control group more likely 
right answer, 
Question 23 
p=0.100 
Wrong 
Right 
pre- to posttest 
Control 
Wrong Right 
14 7 
2 1 
Test 
Wrong Right 
Wrong 1 2 
Right 4 17 
Test 
Wrong Right 
Wrong 1 3 
Right 4 16 
Test 
Wrong Right 
Wrong 0 5 
Right 2 17 
Test 
Wrong Right 
Wrong 1 3 
Right 6 14 
to go from wrong to 
Wrong 
Right 
Test 
Wrong 
12 
6 
Right 
3 
3 
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Table 2. Continued 
Question 25 
p=0.064 
Wrong 
Right 
Control 
Wrong Right 
4 5 
2 13 
Wrong 
Right 
Test 
Wrong 
3 
9 
Right 
3 
9 
*w/w=answered wrong on both tests; w/r=wrong answer on 
pretest, right on posttest; r/w=right on pretest, wrong on 
posttest; r/r=right on both. 
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Table 3. Correlation of age with correct answer choice. 
Test and control pretests pooled. 
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Question no. p value Parameter estimate* 
1 
2 
3 
5 
6 
9 
10 
11 
12 
13 
14 
15 
17 
18 
21 
23 
25 
0.046 
0.899 
0.072 
0.941 
0.034 
0.143 
0.319 
0.370 
0.592 
0.728 
0.878 
0.418 
0.068 
0.440 
0.836 
0.082 
0.432 
0.145 
0.013 
-0.241 
-0.005 
0.156 
-0.177 
-0.066 
0.059 
-0.144 
0.075 
0.010 
0.069 
0.140 
0.058 
0.016 
0.152 
0.054 
*Estimate of slope. Positive coefficient indicates that as 
age increases there is increased likelihood of choosing 
correct answer. 
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Figures and questions. Observation assessment test and 
results of pretest (before observation process skill 
classes) and posttest (after classes). Control group (no 
classes) n = 24; test group n = 24. Correct answers in 
bold. 
Sample question X, done as group with instructor. Correct 
answer is D. 
Sample Y, done with instructor. Correct answer is C. 
X. Look at the shell at the top of the 
plate. There are four shells in a row at the 
bottom of the plate. Choose the shell in the 
row at the bottom that looks the most like 
the ahell at the top. Put your finqer on the 
letter under the shell you chose. Write the 
letter on your paper next to x. 
Y. Look at the shell at the top of the 
plate. Look at the four shells in the row 
at the bottom. Choose the shell that is 
the same color as the shell at the top. 
Find the letter under the shell you chose. 
Write the letter on your paper next to Y. 
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Question 1 
TASK: Discrimination for differences, negation. 
DISTRACTORS: Color, size. 
Response selected 
A B 
control Pre 14 0 
Post 18 0 
Test Pre 15 0 
Post 20 0 
Question 2 
TASK: Visual discrimination of shape. 
DISTRACTORS: Similarities of shapes. 
Response selected 
A B 
Control Pre 0 1 
Post 1 0 
Test Pre 1 0 
Post 0 2 
(no. of 
c 
5 
6 
8 
4 
(no. of 
c 
21 
21 
22 
19 
students) 
D 
5 
0 
1 
0 
students) 
D 
2 
2 
1 
3 
1. Look at the four shells in a row. One 
shell is not the same kind. Choose the 
shell that is not the iiiiie' kind as the 
other three. Find the letter under the 
shell you chose. Write the letter on your 
next to number 1. 
2. Look at the drawing at the top of the 
plate. Look at the row of shells on the 
bottom. Choose the shell in the row at the 
bottom that is the same shape as the 
drawing. Find the letter under the shell 
you chose. Write the letter on .your paper 
next to number 2. 
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Question 3 
TASK: Color match. 
DISTRACTOR: Shell type. 
Response 
A 
Control Pre 2 
Post 8 
Test Pre 1 
Post 2 
Question 4 
TASK: Pattern match. 
selected 
B 
1 
0 
2 
0 
DISTRACTORS: Rotation, pattern size. 
Response selected 
A B 
Control Pre 0 21 
Post 5 16 
Test Pre 2 17 
Post 4 19 
(no. of students) 
c D 
21 0 
16 0 
21 0 
22 0 
(no. of students) 
c D 
2 1 
3 0 
3 2 
1 0 
3. Look at the shell at the top of the 
plate. Look at the four shells in a row 
the bottom. Choose the shell in the row 
the bottom that is the same color as the 
shell at the top. Find the letter under 
the shell you chose. Write the letter on 
your paper next to number 3. 
Look at the pattern on the shell at the 
top of the plate. Look at the drawings of 
patterns in a row at the bottom. Choose the 
drawing that looks the most like the pattern 
on the shell. Find the letter under the 
drawing you chose. Write the letter on your 
paper next to number 4. 
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Question 5 
TASKS: Part to whole, fine texture discrimination. 
DISTRACTORS: Color, similarity of textures. 
Response 
A 
Control Pre 11 
Post 12 
Test Pre 7 
Post 10 
Question 6 
TASK: Part-to-whole. 
DISTRACTORS: Color, r otation. 
Response 
A 
Control Pre 4 
Post 3 
Test Pre 2 
Post 0 
selected (no. of students) 
B c D 
4 4 5 
1 4 7 
5 6 6 
6 3 5 
selected (no. of students) 
B c D 
11 2 7 
14 1 6 
17 0 5 
19 0 5 
5. Look at ud t .. 1 th. piece of shell at 
the top of tM plate. Look a an4 feel tbe. 
abella in a -row at tbe botte11. CbooM 
ab.ell in the row on th9 . tam that tile 
of abell COflld llaft Ccm9 fzaa. ?ind the 
letter undiar the •bell YJ:N cboM. Write 
letter on yoQr paper nut to the number 5. 
6. Look at the piece of shell at the top 
of the plate. Look at the four •hell• in a 
row at the bottom. The piece of shell was 
part of a shell like one of the shells in 
the row at the bottcm. Choo• the •hell in 
the row that is the moat like a shell the 
piece came from. Find the letter under the 
shell you chose. Write the letter on your 
paper next to number 6. 
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Question 7 
TASK: Shape match. 
DISTRACTORS: Similarity of shapes, size, rotation. 
Response selected (no. of students) 
A B c D 
Control Pre 5 1 2 16 
Post 6 1 3 14 
Test Pre 10 1 1 12 
Post 5 3 1 15 
Question 8 
TASK: Color match. 
DISTRACTORS: Rotation, similarity of color. 
Response selected (no. of students) 
A B c D 
Control Pre 3 19 2 0 
Post 7 17 0 0 
Test Pre 6 17 0 1 
Post 1 23 0 0 
7. Look at the drawing at the top of the 
plat • Look at the raw of ab lla on the 
bottan. Cbooae the shell in the row at the 
bottom that ia the ._ shape aa the -
drawing. Find the letter under the ahell 
you chose. Write the letter on your paper 
next to nwnber 7. 
8. Look at the shell at the top of the 
plate. Look at the four ahella in a row at 
the bottan. Choose the abell in the row at 
the bottom that i• the .... color u the 
shell at the top. Find the letter under 
the ahell you choae. Write the letter on 
your paper next to n'Ullber I. 
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Question 9 
TASK: Pattern closure. 
DISTRACTORS: Rotation, color, tactile similarity. 
Response selected (no. of students) 
A B c D 
Control Pre 20 2 1 1 
Post 22 0 2 0 
Test Pre 22 1 1 0 
Post 18 4 1 1 
Question 10 
TASK: Type match. 
DISTRACTORS: Size, color, rotation. 
Response selected (no. of students) 
A B c D 
Control Pre 0 13 2 9 
Post 0 11 0 13 
Test Pre 0 12 0 12 
Post 0 13 0 11 
9. Look at the piece of shell at the top 
of the plate. Look at the pattern in the 
shell piece. Look at the four shells in a 
row at the bottom. Choose the shell in the 
row at the bottom that has a pattern the 
most like a shell the piece came from. 
Find the letter under the shell you chose. 
Write the letter on your paper next to 
number 9. 
10. Look at the shell at the top of the 
plate. Look at the four shells in a row 
the bottom. Choose the shell in the row 
that is the same kind as the shell at the 
top. Find the letter under the shell you 
chose. Write the letter on your paper next 
to number 10. 
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Question 11 
TASKS: Part to whole, texture match. 
DISTRACTORS: Color, rotation. 
Response selected 
A B 
Control Pre 9 2 
Post 4 2 
Test Pre 8 6 
Post 3 4 
Question 12 
TASK: Size match. 
(no. of students) 
c D 
0 13 
0 18 
0 10 
0 17 
DISTRACTORS: Rotation, choices not ordered by size. 
Response selected (no. of students) 
A B c D 
Control Pre 0 24 0 0 
Post 2 18 4 0 
Test Pre 0 23 1 0 
Post 0 23 1 0 
11. Look at the piece of shell at the top 
of the plate. Look at ~ tbe four shell.a in a 
row at the bottcn. Choose the shell in the 
row at the bottom that is the most like a 
shell the piece came from. Find the letter 
under the shell you chose. ·write the 
letter on your paper next to number 11. 
12. Look at the shell at the top of the 
plate. Look at the shell.a in a row at the 
bottom. Choose the shell in the row at the 
bottom that is the same size as the shell 
at the top. Find the letter UJ'.lder the 
shell you chose. Write the letter on your 
paper next to number 12. · 
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Question 13 
TASK: Visual and tactile match of edge. 
DISTRACTORS: None. 
Response selected 
A B 
Control Pre 0 1 
Post 1 0 
Test Pre 0 0 
Post 0 0 
Question 14 
(no. 
c 
0 
0 
0 
0 
TASK: Visual and tactile match of edge, fine 
discrimination. 
DISTRACTORS: Inversion, similarity of edge. 
of students) 
D 
23 
23 
24 
24 
Response selected (no. of students) 
A B c D 
Control Pre 4 3 14 3 
Post 4 5 9 6 
Test Pre 3 7 12 2 
Post 1 2 18 3 
13. Look ft and f .. i "the ~ 'Of tbe -p-1:ece 
of shell at th. toP of the-piat.e. ~ took: & 
and f•l the edae• of tbe four •hell• la-& 
row at tbe -botb:la-. Choose -the abell J.n 
row at the bottaia ~t bu. the aa.e e4aa" 
the shell piece at t)le top. nacraa~ 
letter under the snell you cboae~ tit• 
the letter on ygur paper next to -.nr9her 13. 
14. Look u ~ feel the !!le, Of the piece 
of shell at the t-op of the .plate"* Look at 
and feel the edaea of i:he -four ~1.1• .in a 
row at the ~ttca. Choo8e · thtj •hell in the 
row at the bot~c:m that has .... :edqe u 
the ahell piece at the top.. l'in4 -the _ 
letter under the shell YoU c:hciae. --ite 
the letter on your paper nezt to .number 14. 
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Question 15 
TASK: Classification by type. 
DISTRACTORS: Size, variability of kinds. 
Response selected (no. 
A B c 
Control Pre 0 4 19 
Post 2 4 18 
Test Pre 1 2 21 
Post 1 4 19 
Question 16 
TASK: Closure. 
DISTRACTORS: Color, rotation. 
Response selected (no. 
A B c 
control Pre 7 15 1 
Post 11 11 1 
Test Pre 13 9 1 
Post 8 15 1 
of students) 
D 
1 
0 
0 
0 
of students) 
D 
1 
1 
1 
0 
15. Look at the •bell at the top of the 
plate. Look at the abell 9Z'OUP9 in • row 
at the bottom. O.OOM the .B.9:Y. of abell• 
on the bottom that the abel~tbe top 
belon9a in. Pind the letter under tbe 
fJZ'Oup of abella you choae. Write the 
letter on your paper next to n\lllber 15. 
16. Look at tile ttroken ab911 at tm- ._, 
of the pla\W_. J.ook at the. four abeU.• ill 
row at the botQ:m_. Cbooae ~ •bell J.n . 
row at tbe l:lft.u.i tbat la. the •-... 
tbe broken. •hell. l'ind tM 1.ettei 
the ahell l'OU chose. write the let"-1' . on 
your paper next to nu.be~ 1'. · 
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Question 17 
TASK: Shape match, fine discrimination. 
DISTRACTOR: Similarity of shape. 
Response selected 
A B 
Control Pre 15 5 
Post 14 4 
Test Pre 20 1 
Post 19 3 
Question 18 
TASK: Pattern match. 
DISTRACTORS: Similarity of shells. 
Response selected 
A B 
Control Pre 18 1 
Post 20 1 
Test Pre 19 2 
Post 22 0 
(no. of students) 
c D 
1 3 
1 5 
1 2 
0 2 
(no. of students) 
c D 
0 5 
2 1 
1 2 
0 2 
1 7. Look at the drawing at the top of the 
plate. Look at the row of shells on the 
bottom. Choose the shell in the row at the 
.bottom that is the same ahape as the 
drawing. Find the letter under the shell 
you chose. Write the letter on your paper 
next to number 17. 
Look at the p&ttern in the shell at 
the top of the plate. Look at the shells 
in a row at ·the battaa. .Choose the shell 
in the row at the bottcm that baa the same 
pattern as the she-11 at tbe top. Find the 
letter under the .shell you chose. Write 
the letter on your 1>41per next to number 18. 
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Question 19 
TASKS: Type match, closure. 
DISTRACTOR: Shape similarity. 
Response 
A 
Control Pre 2 
Post 4 
Test Pre 4 
Post 5 
Question 20 
selected 
B 
1 
0 
0 
0 
TASK: Match type, fine discrimination. 
(no. of students) 
c D 
2 19 
2 18 
3 17 
2 17 
DISTRACTORS: Color, size, rotation, and similarity of type. 
Response selected (no. of students) 
A B c D 
Control Pre 2 10 8 4 
Post 6 6 10 2 
Test Pre 3 8 8 5 
Post 2 6 12 4 
19. Look at the shell at the top of the 
plate. Look at the shells in a row on the 
bottom. Choose the shell in the row at the 
bottom that is the same kind of shell as 
the one at the top. Find the letter under 
the shell you chose. Write the letter on 
your paper next to number 19. 
20. Look at the shell at the top of the 
plate. Look at the shells in a row at the 
bottom. Choose the shell in the row at the 
bottom that is the same kind as the shell 
at the top. Find the letter under the 
shell you chose. Write the letter on your 
paper next to number 20. 
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Question 21 
TASKS: Closure, match type. 
DISTRACTORS: Inversion, color, similarity of type. 
Response selected (no. of students) 
A B c 
Control Pre 19 4 1 
Post 21 1 0 
Test Pre 20 2 0 
Post 17 7 0 
Question 22 
TASK: Match type, fine discrimination of shape. 
DISTRACTORS: Color, similarity of shells, rotation. 
D 
0 
1 
2 
0 
Response selected (no. of students) 
A B c D 
control Pre 0 14 2 8 
Post 0 19 1 4 
Test Pre 0 20 0 4 
Post 0 16 1 7 
21. :Loot at the broken aheU at the top of 
the plate. ~ at -the .B})e_l.l.s ln ;row on 
the bottaa. Choose ~ dil'l in the row at 
the bot.tea that i• the Niie kind of ahell 
•• thlt shell at tbe. top~ Filldtbe ~etter 
under the •b.ll you cboH .. -Write t.he 
lettez: cm your paper next to number 21. 
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Question 23 
TASK: Match shape. 
DISTRACTORS: Rotation, size. 
Response 
A 
control Pre 3 
Post 8 
Test Pre 9 
Post 6 
Question 24 
TASK: Match type. 
selected (no. of students) 
B c D 
0 2 19 
0 1 15 
1 0 14 
0 0 18 
DISTRACTORS: Inversion, color, similarity of type. 
Response selected (no. of students) 
A B c D 
Control Pre 21 3 0 0 
Post 21 2 0 1 
Test Pre 21 2 0 1 
Post 18 5 0 1 
23. Look at the black paper •bell •hape at 
the top of the plate.. t.ook ·at the •hells 
in • rov at tbe bottom. Cboo•e the •hell 
at the bottcm that 1• ~he aw •haP' ae the 
cut out pa_per .8hell.. J'ind t.be letter under 
the •hell you chOH. Writ• tbe letter on 
your paper next to number 23. 
24. Look at the shell at the top of the 
plate. Look at the shel.l• in a row at the 
bottom. Choose the shell at the bottom 
that is the same kind as tbe shell at the 
top. Find the 1 tter under the •hell you 
chose. Write the letter on Your paper next 
to number 24. 
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Question 25 
TASK: Match size to drawing. 
DISTRACTORS: Rotation, choices not ordered by size. 
Response selected (no. of students) 
A B c D 
Control Pre 4 0 15 5 
Post 0 0 18 6 
Test Pre 1 0 18 5 
Post 0 1 12 11 
25. Look at the drawing at the top of the 
pl~te. Look at the shell• in a row at the 
bottom. Choose the shell in the row at the 
bottcm that is the same size as the 
drawinq. Find the letter under the shell 
YoU chose. write the letter on your paper 
next to number 25. · 
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APPENDIX I 
Dear Parents, 
I am a parent of two Maybeury students and am a 
graduate student in biology at the University of Richmond. 
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I am interested in ways science is taught to young children. 
For my master's thesis I have planned a series of 
afterschool science enrichment classes for second grade 
students. Would your son or daughter like to be a part of 
this study? 
The way the program will be structured is that children 
would meet for five sessions for an hour each right after 
school. The program would include activities on the school 
campus, such as a scavenger hunt for natural objects, as 
well as activities in the science lab, such as separating 
soil samples. A student would sign up for either five 
Mondays, Tuesdays, Wednesdays, or Thursdays. A maximum of 
65 students will be enrolled. The classes would be held 
either between March 4 and April 11 or between April 29 and 
June 3. To make this project completely objective, students 
would have to be randomly put in one or the other group. 
'There is no fee for the classes or materials. However, 
please only have your child participate if he or she can 
make a commitment to the whole project. Otherwise the 
results will have no meaning. 
To evaluate the effectiveness of the program, each 
child will do a hands-on assessment exercise before and 
after the series of classes. This would be given during 
school hours by a college student or another adult. 
students who tried this exercise at Collegiate all said it 
was "fun". The most a child .would be away from class for 
the whole program is 30 to 60 minutes. The school will 
maintain information that includes the child's name and code 
number so that the children would be identified only by 
number. I will share the conclusions of the study with 
parents after it is completed and analyzed. I will not, of 
course, have any information on individual students. 
Parents can obtain results about their child from Mr. Odom. 
It was recommended that I set up a video camera in a 
corner of the room. The tape would be used as a learning 
tool to better evaluate the program. If any parent objects 
to this, the camera will be omitted. 
It is important to stress that children who participate 
will be clearly told that they are not being "tested" but 
are helping do research. I am aware of the fact that some 
children (like mine!) are very sensitive about being 
evaluated in any way. However, I feel that improving 
science education by beginning at the elementary level is an 
48 
important goal, and to achieve this goal it is necessary to 
quantitate results. 
If your child wants to attend the five classes after 
school and do the two activities during school, please sign 
and return the permission slip to the office or your child's 
teacher by Friday February 1, 1991. If you have any 
questions, please do not hesitate to call. I am looking 
forward to working with your young scientist! 
Sincerely, 
Lydia Rogers 
PERMISSION FOR MAYBEURY ELEMENTARY AFTERSCHOOL SCIENCE 
ENRICHMENT 
YES, Please enroll my child in the afterschool science 
enrichment program. 
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My child can come the following days. Please indicate your 
first, second, third choices and any days your child cannot 
attend. 
( ) Mondays, or 
( ) Tuesdays, or 
( ) Wednesdays, or 
( ) Thursdays 
Comments 
I understand that the program includes 5 one-hour sessions 
immediately after school. I also agree to have my child 
participate in a 30 to 60 minute evaluation of the program 
·during school time. I understand that students' results 
will be identified only by number. I understand that this 
is a research project and by signing up my child he or she 
is committed to taking part in the entire program. 
I accept responsibility for providing transportation for my 
child. 
( ) I give permission for my child to be videotaped at 
different times during this program. 
( ) I do not wish my child to be videotaped. (Checking 
this does not exclude your child from the project.) 
Telephone number~~~~~~~~~~~~~ 
PLEASE return to your child's teacher or the office by 
Friday February 1, 1991. 
Thank you for your help! 
February 8, 1991 
Thank you for enrolling your child in the afterschool 
science enrichment program. 
Your child's classes meet five 
following dates 
on the 
Please help your child remember to attend each class. 
Clothing suitable for outdoor play is recommended. 
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students will go directly to the Science Room (room 24} at 
the first bell. Pick up is in the Science Room at 3:15 PM. 
Please fill in the information below and return to your 
child's teacher or to the office by Wednesday February 13. 
I am looking forward to working with your child on this 
project! 
Sincerely, 
Lydia Rogers 
Student's name 
Day 
Name of person picking up 
child~~~~~~~~~~~~~~~~~-
Their phone number 
Thank you! 
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APPENDIX II 
INSTRUCTIONS FOR GIVING OBSERVATION SKILLS ASSESSMENT 
1. Please identify yourself 
student at UR who is working with 
2. Please explain that they 
being part of the project. 
by name and say you are a 
me on research. 
are also doing research by 
3. Even though they are not taking a test, to make 
this a good project we need their help answering these 
questions as carefully as possible. It may be necessary to 
tell some students that for this to be a good study they 
need to give answers without talking to other students. 
Avoid the words "test" and "observation"! 
4. We thank them for being partners in scientific 
research! 
5. Each student is given an answer sheet with a pull-
off half sheet attached to the front. The answer sheet 
itself can already be labelled according to which (color 
dot) set of test questions that student will take and the 
date. 
6. Please instruct students to write their full names 
and their teacher's name. When the retest is taken, 
students will be also asked to write down their birth date 
and indicate "boy" or "girl". 
7. Explain that they will all do two sample questions 
together. 
8. The first (X) sample question is passed out and 
read to the students. They make a choice and write the 
capital letter on the answer sheet. When everyone is done, 
ask them what they put down, .give them the correct answer, 
and then collect the questions. 
9. Please explain that all the questions will be 
similar and that you will read each question to them. They 
do not need to read the questions. 
10. They can turn the plastic pieces however they want. 
11. There will be not just shells but also the glue 
that holds them. They should see the difference. 
12. They need to write the answers in capital letters 
only. Show them on the board what you mean by capital 
letters. You will probably need to check them as they are 
working. 
13. They are free to ask questions about the test at 
any time. If they do not understand a word, they should ask. 
Give them an example of "pattern", "type", "kind", and 
"edge". 
14. 
15. 
They do not need to hurry. 
students should guess if they cannot decide between 
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two choices. They should leave their answer sheet blank if 
they have no ideas what the answer is. 
16. Now pass out the second sample question (Y), read 
it, and discuss the answer. 
17. Ask if they have any questions before you start. 
18. Proceed, passing out each question, reading the 
question, and collecting when they are done. After about 
five to seven questions, it should not be necessary to read 
the whole question. Just stress the important part of the 
question in your own words and make sure they are on the 
right question on the answer sheet. 
19. Please keep track of the time it took for that 
group and any other observations you want. 
20. Please make sure they have written their full names 
and teachers' names and that the date and box color are 
filled in. 
21. Take the students back to their class and get the 
next group. 
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APPENDIX III 
RESOURCE BOOKS FOR AFTERSCHOOL CLASSES 
Addison-Wesley Science. 1989. Outdoor Education Guide for 
Teachers. Addison-Wesley Publishing co. Reading, MA. 
AIMS Education Foundation. 1987. Seasoning with Math and 
Science, Book B. Fresno, CA. 
Cleare, c. c. 1985. Scallops, whelks, and process skills. 
Science and Children 22:11-15. 
Coldrey, J. 1990. Discovering Worms. The Bookwright 
Press. New York, NY. 
cox, R. K. and B. Cork. 1980. Usborne First Nature 
Flowers. E D C Publishing. Tulsa, OK. 
Cornell, J. B. 1979. Sharing Nature with Children. Ananda 
Publications. Nevada City, CA. 
Fischer-Nagel, H. and A. Fischer-Nagel. 1989. An Ant 
Colony. Carolrhoda Books, Inc. Minneapolis, MN. 
Grillone, L. and J. Gennaro. 1978. Small Worlds Close Up. 
Crown Publishers, Inc. New York, NY. 
Hammerman, D. R., W. M. Hammerman, and E. L Hammerman. 
1985. Teaching in.the outdoors, 3rd ed. The 
Interstate Printers and Publishers, Inc. Danville, IL. 
Lauber, P. 1981. Seeds, pop! stick! glide! Crown 
Publishers, Inc. New York, NY. 
Olesen, J. 1985. Snail. Silver Burdett Company. 
Morristown, NJ. 
O'Toole, c. 1990. Discovering Ants. The Bookwright 
Press. New York, NY. 
Overbeck, c. 1982. The World of Ants. Lerner 
Publications Company. Minneapolis, MN. 
Overbeck, c. 1982. How Seeds Travel. Lerner Publications 
Company. Minneapolis, MN. 
Outdoor Biology Instructional Strategies (OBIS). 1982. 
Delta Education. Nashua, NH. 
Project Learning Tree. 1977. Supplementary Activity Guide 
for Grades K Through 6. American Forest Institute, 
Inc. Washington, D. c. 
Project Wild. 1985. Elementary Activity Guide. Western 
Regional Environmental Education council. Boulder, co. 
Rockwell, R. E., E. A. Sherwood, and R. A. Willaims. 1986. 
Hug a Tree and Other Things To Do Outdoors with Young 
Children. Gryphon House, Inc. Mt. Rainier, MD. 
Ryder, J. and L. Cherry. 1982. The Snail's Spell. Viking 
Penguin Inc. New York, NY. 
Swan, M. D. 1978. Tips and Tricks in Outdoor Education, 
2nd ed. The Interstate Printers and Publishers, Inc. 
Danville, IL. 
Wyler, R. 1986. Science Fun with Mud and Dirt. Simon & 
Schuster. New York, NY. 
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APPENDIX IV 
DESCRIPTION OF AFTERSCHOOL ACTIVITIES 
General Information 
The overlying goal of the activities was to help the 
children focus on seeing and appreciating details of natural 
objects. Exercises stressed classification, sorting, and 
magnification and engaged their senses. The schoolyard was 
both the site of many activities and the source of 
materials. Where appropriate, field guides or texts were 
made available for reference. Each child kept a journal and 
had his or her own magnifier. 
Since language skills play a major role in learning, 
verbalization was encouraged. students made journal entries 
and used worksheets. Group discussion before an activity 
helped model their behavior. After they had finished an 
activity, the children were asked to recount their thought 
processes (verbal rehearsal) in making an observation (such 
as in selecting a leaf to match the model). Good responses 
were praised. 
Children's language skills varied greatly. Some 
children used picture rather than word responses. Many 
needed help with worksheets (even when all material was 
presented orally) so that they would not get stuck fretting 
over reading the words. 
To keep children on task, activities were carefully 
structured. Arranging the seating and pairing of students 
was a great help. As students came into the science room at 
the beginning of each session, a brief activity or relevant 
nature picture books were set out. When all had arrived, 
background information and procedures were presented. 
Outdoor activities were followed up indoors. At the end of 
the session, there was a brief summing up, and each child 
was asked what one thing he/she had learned that day. 
A brief description of the curriculum content follows. 
An asterisk (*) denotes that worksheets or other material 
can be found on succeeding pages. 
Leaf Match 
Materials: Laminated tree leaves (white oak, post oak, and 
red oak) from school yard, mounted on 3 x 5" index cards. 
Task: Match type. 
Time: 5 min. 
Procedure: Each student received one card and found partner 
55 
by matching same type of leaf. Leaves that matched were not 
identical color or size or were not intact. All leaf cards 
were placed on table and students stated how they made their 
choices. 
Blindfolded Tree Identification 
Materials: Bandannas for blindfolds, colored plastic ribbon 
to premark trees that will be part of game. 
Tasks: Part-to-whole, match texture. 
Time: 30 min. 
Procedure: Procedure and goals were anticipated with group 
discussion and partners were assigned (by matching leaf 
pairs, above exercise). Once at the wooded area of the 
schoolyard, one student was blindfolded, turned about, and 
led to one of 20 designated trees by his or her partner. 
After thoroughly examining tree without looking (students 
needed encouragement to note texture of bark), child was led 
back to starting place and the blindfold removed. Child 
then tried to pick out tree he or she was led to. Child 
told the group what clues were used (i. e., angle and 
position of branches, bark texture, diameter, scarring, 
litter or soil under tree.) Nonparticipating students made 
journal entries about trees they selected. 
Tree Bark Rubbing• 
Materials: half sheet of paper (8.5 x 5.5 11 ), short, fat, 
dark colored crayons, student notebooks. 
Tasks: Match texture, part-to-whole, match pattern. 
Time: 10 min. · 
Procedure: Students were instructed to select two trees 
with different bark and make rubbings. students were given 
unidentified rubbings and asked to match them to trees and 
state how they made decision. In classroom, students found 
matching pair of rubbings from same species of tree (e. g. 
white pine, white oak, or dogwood). Bark rubbing of 
student's "own" tree was included in his or her journal. 
Hand-Held Magnifiers• 
Materials: Plastic Jx, 6x dual lens, 11.5 cm magnifiers, 
Small Worlds Close Up (see App. III), worksheet, salt, 
dandelion seed, "beggar's tick," piece of woven cloth, white 
violet, small flowering weed. 
Task: Observation of fine details. 
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Time: 30 min. 
Procedure: Use of magnifier was explained (especially not 
to hold it up to eye, detective fashion). Book was shown 
with micrographs of hair (3 different magnifications), snake 
fang and hypodermic needle, salt; they guessed identities. 
Students examined materials set out one at a time and 
answered questions on worksheet. students often needed help 
with reading questions or writing answer. 
Object Attributes• 
Materials: Two objects to compare (pine bark and leaf 
litter, moss and pine cone, gumball and acorn). 
Tasks: Recognition and communication of object attributes 
(size, shape, color, texture, smell, pattern). 
Time: 10 min. 
Procedure: students' words to describe two objects were 
either recorded on blackboard or in student notebooks. Each 
student was asked to name one characteristic that would most 
surely distinguish the objects from each other. 
Scavenger Hunt• 
Materials: 3 x 5" card for each question, labelled plastic 
bag for each pair, circumscribed playground area. 
Tasks: Color, shape, size, and texture match. 
Time: 30 min. 
Procedure: Students were put in pairs (by matching bark 
rubbings) and rules were explained (in-bounds area, maximum 
size of items, avoiding damage to area). Found items were 
collected in bags. Results we.re shared at the end. Seeking 
objects that had two traits ("sharp and crunchy") and 
understanding meaning of "man-made" were difficult for 
students. 
Sorting of Lucky Charms Cereal• 
Materials: Box of cereal, worksheets, paper cups. 
Task: Sorting by color and shape; graphing. 
Time: 35 min. 
Procedure: Each student recorded their estimates of the 
number of each kind of marshmallow or cereal for a cup of 
cereal. They then counted (with reminders to count 
quietly), recorded, and graphed their results. In separate 
class, results were shared and discussed. The students were 
intent on having estimates close to actual counts. 
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Classification of Scavenger Hunt Objects• 
Materials: Worksheet, found objects from schoolyard. 
Tasks: Sorting by size, color; classification by attribute. 
Time: 15 min. 
Procedure: Activity was done after the cereal sorting 
exercise. Students created groups as asked (by size), 
created their own groups (often by elaborate division by 
color), and decided on how objects were classified (i.e., 
by shape). 
Leaf Match Game by Team• 
Materials: Laminated leaves from playground mounted on 
index cards, styrofoam board and thumbtacks for displaying 
cards. 
Tasks: Shape, type, edge match, closure, part-to-whole. 
Time: 15-20 min. 
Procedure: students were divided into 2 teams. Teams were 
awarded points: 1 point for correct answer, 2 for good 
reason. students shared aloud steps they used to reach 
answer. 
"Feelie Bag" or Object Identification by Touch 
Materials: Cloth bag (12" x 12") and found objects (sweet 
gum ball, acorn, brittle oak leaf, pine bark, moss, snake 
skin, rock, sticks). 
Task: Texture and shape match. 
Time: 15 min. 
Procedure: Children were shown box of possible objects, and 
one object at a time was put in bag. Each child put hand 
in, felt object, and recorded guess on worksheet in word or 
picture. Their answers were shared and discussed. 
Tree Journal* 
Materials: Notebooks, pencils. 
Task: Communication of visual and tactile attributes. 
Time: 20 min. 
Procedure: Children selected one tree within marked area. 
They recorded the clues that distinguished it from the 
others. Responses were shared and specific observations 
praised. 
Guided Imagination 
Materials: The Snail's Spell by J. Ryder and L. Cherry. 
Tasks: Heighten visual and tactile senses. 
Time: 10 min. 
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Procedure: students listened to book and guessed identity 
of narrator. Other attempts at guided imagination outdoors 
or with eyes closed were more effective at creating chaos 
than focusing the children's attention. 
Binocular Microscope 
Materials: One microscope (JOx, zoom) per child. Objects: 
rock, acorn, lichen, leaf skeleton, magazine color photo, 
salt crystals, stick tight, dandelion seed. 
Task: Visual discrimination. 
Time: 25 min. 
Procedure: Use of microscopes was demonstrated. students 
examined objects and discussed attributes visible with 
microscope but not without. They wrote clues ("big blocks", 
"fuzzy") about items and as group tried to guess identity 
from other student's clues. 
Wallpaper Texture Match• 
Materials: Samples of wallpaper glued to index cards, 2 on 
card that were either same texture or different, or 5 
samples with different colors and patterns affixed to sheet. 
Task: Texture match. 
Time: 5-10 min. 
Procedure: students put hands behind back and were given 
one card at a time. They felt cards and when all were 
ready, stated whether papers were same or different. cards 
then put on table and discussed. Attempts of this exercise 
with blindfolds were chaotic. With sheet of samples, 
children look (color and pattern operate as distractors) and 
feel to match textures. Children discussed how they made 
their selections. 
Pine cone Shape Match• 
Materials: Construction paper with cut-out silhouettes (not 
same size as matching cone), magnolia fruit, loblolly, 
shortleaf, and white pine cones. 
Task: Three-dimensional shape match. 
Time: 5 min. 
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Procedure: students work together and place cone on top of 
appropriate silhouette. They then shared reasons for 
selection. 
Classification of Soil Components• 
Materials: Trowels (if collecting own samples), labeled 
plastic bag, paper cups, newspaper, magnifiers and 
microscopes. 
Tasks: Classification by attribute. 
Time: 40 min. 
Procedure: Preactivity discussion included characteristics 
of soil, its usefulness and formation from rock and 
decomposed matter. Each child had one soil sample from the 
school playground. Children made up own categories and 
separated soil sample into components (rocks, animals, 
leaves, sticks, etc.). Children were encouraged to look at 
interesting components under magnification. 
Soil Separation 
Materials: Soil (cupful), glass jar, water, paper towels, 
coins, magnifiers. 
Tasks: Visual, auditory, and tactile observation. 
Time: 20 min. 
Procedure: Water and soil are added to jar, it was shaken 
and allowed to settle (or another jar that has already 
settled was used). Different layers were noted then put on 
paper towels and examined. Students rubbed sample from each 
layer with coin and noted the sound (progressively coarser 
layers will generate increasingly scratchy sounds). From R. 
Wyler, Science Fun with Mud and Dirt. 
Difference in Soil Around the Schoolyard 
Materials: Wooden dowels, 12 11 , 1/4" diameter, rulers. 
Task: Observation of conditions of soil. 
Time: 20 min. 
Procedure: To measure compactness, each student had stick 
or ruler. Partners pushed stick into different locations 
and measured depth inserted. Areas of erosion were noted 
and measured; plants were noted on walk. (Soil collected 
during this activity can be used for other activities.) 
Home in the Compost Pile 
Materials: Containers for collecting, spoons or trowels, 
thermometers, microscopes and magnifiers, newspaper, 
photographs and diagrams of animals collected. 
Task: Visual observation. 
Time: 40 min. 
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Procedure: Meaning of habitat and formation of compost was 
discussed. Each pair of students was accountable for 
observing one feature of habitat (temperature, light, or 
moisture). They then collected as many animals as they 
could. Animals (mostly sow bugs, snails, ants, earthworms, 
centipedes) were examined in the classroom, comparing them 
to drawings and using magnification. Earthworms were a hit, 
especially if students could hear the setae make a 
scratching noise on paper as they moved. 
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Hand-Held Magnifiers: Worksheet 
NAME 
?????????????? MYSTERY MAGNIFICATION ?????????????? 
1. There is something on this seed that helps it stick to 
the ground. What is it? 
2. If you look closely, you can see how this cloth is made. 
What pattern do you see? 
3. What shape is this crystal? 
4. Find something in the room and look at it closely with 
the magnifier. Draw part of what you see. Can your friend 
guess what it is? 
Object Attributes: Examples 
What words can you use to describe these two objects? 
GUMBALL 
spikey 
sharp 
prickly 
holes 
round 
dirty 
small 
brown 
bendy 
ugly 
rough 
soft sound 
ACORN WITH CAP 
ugly 
rough 
small 
bumpy 
smooth 
rough point 
brown 
grayish 
weird 
awesome 
dirty 
hard 
Single clues to tell the two objects apart: 
One is harder. 
One is rougher. 
One has a stem. 
One has eyes all over it. 
One is spikey. The other is hard and rough. 
MOSS 
soft 
green 
looks like grass 
hairy 
has white stuff 
feels like mud 
wet 
mushy 
broccoli 
like a rug 
PINE CONE 
spikey 
prickly 
porcupine 
bullet with spikes 
brown 
sharp 
pointy 
Can you think o f a clue to tell the two objects apart? 
One is soft and the other is prickly. 
One is green. 
One is like grass. 
one is buggy! 
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Sorting of Lucky Charms Cereal: Graphing 
Pi"t\ \) '? 
Hecarts Ir -· 
I ;. 3 'I 5 (., 1 8 10 II '' /3 I'/ IS /{o 
I I/. 3 " 7 ~ q lo II I~ 13 /41 IS 1'1 
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Sorting Lucky Charms Cereal: Worksheet 
NAME 
DATE Mar.lo, .:1 ,. 
·-· ;__. 
1. Look at the green and yellow columns next to the different 
kinds of marshmallows. Are any of the columns at the same 
number? Ye~ v 
2. Write down the kind of marshmallow you guessed the correct 
number for. 
3. Look at your blue diamonds. How many more or less did you 
have than you guessed you had? 
one 
4. If you wanted to know the tot.al number of marshmallows you 
had in your cup, how could you now find out? 
5. What things about the marshmallows were you looking for when 
you put the marshmallows in the different groups? (For example, 
was it size?) 
Scavenger Hunt: Questions 
1. Pick out a tree you like. Name two things that help 
you tell it apart from the other trees. 
2. Find something this long. 
3. Find something that has this shape. 
4. Find something that fills this space. 
5. Find something that will grow into a plant. 
6. Find something that is made by man and not by nature. 
7. Find something that is turning back to soil. 
8. Find something that is food for an animal. 
9. Find something soft. 
10. Find something beautiful. 
11. Find something that is sharp and crunchy. 
12. Find two of the same thing but in different sizes. · 
13. Find at clue that shows an animal has been there? 
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Scavenger Hunt Classification: Worksheet 
NAME_;_t\~/~1---1~1~L_-,_-c_-_:r~l~v~:----~ t • . 7 
DATE _.{\..._)\g~( C,.__,_b..._. ...... 2-J...j! )...... l _C(_Cf..__f.,__ _ _ 
1. Put all the objects in groups according to size. What did 
you put in the group that had the smallest things? 
( C112. ( J 
2. Put all the objects in groups according to color. What did 
you put in the green group? 
I 9ra<;<;. · eenr moss 
3. Divide all the objects into just one of these two groups: 
the things that come from trees, or things that do not come from 
trees. Write down all the things-"that do-not come from trees. 
Vbjl V'):J OS- S on J f ttJ and 
1wo rot \\5"' too( · · 
I 
4. Put the pine cone, a rock, and an acorn together in a group. 
What would be a name to describe that group? 
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Leaf Match Game Questions 
1. Match type. Choose the leaf that is the same kind. (C) 
2. Which leaf is not the same kind? (D) 
3. Which leaf print is the same kind? (C) 
4. Which leaf is the same kind as this print? (A) 
5. Students are given one leaf to examine closely. It is 
then mixed up with three other leaves. Students pick out 
which one it was. 
6. Which leaf has the same shape as this drawing? (D) 
7. Which drawing looks the most like the shape of this 
leaf? (B) 
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Tree Journal: Two examples 
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Wallpaper Texture Match: The Same or Different? 
A (same texture, different orientation) 
B (different texture) 
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Wallpaper Texture Match: Which Two Are the Same Texture? 
,--------
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Pine Cone Silhouette Shape Match: Match the cone with the 
shape 
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Classification of Soil Components: Background Discussion 
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